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ABSTRACT 

far  a.  global  llfl  "" 

determination  of  nation  capabilities  of  spacecraft, 

increase  the  autonomou  9  board  satellites,  and  saving  on 

reducing  equipment  carried  ®  this  it  will  be  possible 

ground  stations.  In  .  \o4ever~different  from 

to  increase  precision  and  reliabi  y  ^gg^^y  to  reanalyze  and 

ground  utilization  selection,  error  calibration, 

solve  such  problems  as  satelli  associated  with  the 

high  dynamics,  antenna  set  orbits.  This  article 

Sse  of  GPS  in  determining  spacecraft  o^^its . 

considers  ®tch  things  as  ^  theory  effects,  satellite  window 
propogation  7'aths,  r>,ittina  forward  principles  of  satellite 
stability,  and  so  Pitting  of  different  tasks  as  well  as 

selection  based  the  require  opting  the  use  of 

"  causing  all  viaible  satellatea 

pSictpatf  L  positioning  calcnlataons . 


I  INTRODUCTION 


The  oroliferation  and  complexification  of  astronavigational 
mic^qinns  require  spacecraft  to  possess  highly  autonomous 
Saviaa?iorlSf|uiLnce  functions.  Satellite  posutuonung 
techLlogy  is  capable  of  supplying.,.these.  .gp!^^®ossLs 

based  navigation  system,  global  positioning  systems  (GPS)  possess 

such  characteristics  as_ all  weather^  accurate^  cl  medium 

“firelr?rort??s?  Sir  e^?pSenf  S  sllple  and  inexpensive . 
?!?^q  ranJble  Of  ca^iring  out  positioning,  speed  measurements. 

It  IS  capable  ^“^^^""^Ititude  determination.  In  such  areas  as 

mSk?i^e  nISiStion,  land  navigation,  map  making,  and 
aviation,  achieved  satisfactory  applications, 

so  on,  it  has  ^  ppq  orbital  determinations 

AS  far  as  the  use  of  in  oroirai  medium  and  low 

associated  with  such  spacecraft  as  space  shu 

orbit  satellites,  space  f  of  u^i^ue  advantages- for 

concerned,  it  to^reduce  and  simplify  earth  observation 

example,  it  is  possible  to  ^ecuce  orbital  corrections  in_ 

stations,  delays  associated  with  information 

close  to  real  time,  eliminate  delay  earth,  save  on  ground 

going  back  and  forth  ^=®tween  satellit  efficiencies,  and 

data  processing,  increase  sP®^!^^f^ted^with  traditional  telemetry 
reduce  many  types  of  ®ttc^s  electric  wave  propogations  errors, 
and  control  systems,  such  as,  eiecuri  fields,  telemetry 

lit  of  tL  earth  polar  f has  test  flow 

station  positions,  and  so  .®““„\an4sat-4,  Landsat-5,  space 

a  type  of  two  ^.g  two  satellites  for  military  use, 

irerrirshSwirg^its%Seri^^ 

telemetry^anddControl  fof medi^  and  low  dyn^ics^users^close  to 

the  surface  of  the  ®f^^-.^^^enLi  iLppropr lateness"  will 
positioning,  cases  o  ^.-gg  in  error  sources  make  reciever 

appear.  First  of  ?^^?5®fnSoropriate  for  use  any  more, 

positioning  models  PJJ^^^Qt^nly^produce  effects  on  receiver 
High  dynamics  movements  LPf tv  effects,  they  lead  to 

ticking  circuits.  Due  relativity^ette^^^^^^  satellite 

relatively  large  nent  replacements  will  give  rise  to 

reception  windows  as  well  as  fluctuations,  and  so 

increases  in  --fnllv  using  it  for  spacecraft,  that 

on.  Taking  GPS  and  ®^®®®®t^^aintainilg  appropriate  positioning 
is— with  the  presumption  of  mainraini  g  ranges 

llcu?acy-using,it  on  ^ovung  as  are  set  out 

With  high  dynamics,  requires  so iv  g^^ 

in  the  discussion  ®5°^®* .  ^„tellite  selection  when  using  GPS  for 
all  the  various  f well  as  indices  of  satellite 
spacecraft  orbit  determinations  11^  method  opting  for  the 

selection,  m  the  ®^d,  putting  gatellites  which  can  be  used 

use  of  least  square  methods  by  all  sareii 

for  positioning. 


II. 


SATELLITE  CONSTELLATION  SELECTION 

In  aeneral  situations,  GPS  positioning  requires  the  use  of 
n,easuren.lnt  signals  from  4  GPS  =-tellites  Moreover  rn  the 
ma-ioritv  of  situations,  the  number  of  visible  satellites  is  /z 
Greater  than  4.  This  then  requires  the  selection,  among  the 
fisllTe  satellites,  of  4  satellites  which  are,  in  a  certain  sense 

■°P*^^^”4hrL“dLiSs?Snil“Ssl?ioning  errors  are  normally 
expressed  as  [1] 


m.=PDOP.ao 


(1) 


rtn  i  Q  fhrror  in  psuedo  range  measurements . 
ao  IS  error  1  p  nossible  to  define  planar  position 

In  a  similar  way,  it  P  factor  VDOP,  receiver 

accuracy  factor  and  gLmetric  accuracy  factor 

clock  shows  that  GPS  positioning  errors  are 

GDOP.  Equation  <  ^  ^ „  errors  and  satellite  geometric  set 
composed  of  two  |  -hie  of  going  through  selection  of 

up.  As  a  result,  users  are  capa  99  minimal,  causing 

sLellite  constallations  to  ^ke  ^0^  present' time,  GPS 

positioning  errors  to  all  been  based  on  this*- 

satellite  constellation  select!  navigation,  and  positioning 

principle.  Moreover-in  ’“aP  havi  been  achieved. 

?lose  to  the  Spacecraft,  their 

Speaking  in  terms  ^  erv  very  much  better  than 

visibility  to  GPS  £atellrtes  rs^very,  constellations 

ground  users  (see  Fig.l)«  •.rieiible  satellites"  are  certainly 

?hat  make  DOP  minMal  ™°“9?“Ji^f^®irthe  vicinity  of  the 
not  optimal  satellite  constellatio.  greater  than  zero, 

ground,  satellite  angles  ®l®^®^i°''nnSles  of  elevation  can  be 
However,  with  regard  visible  satellites  possessing 

“nI^Sivrang!L“ofTle&^^^^ 

d^i^rera;!fynif  the  several  types 

of  cases  below.  f»T-rors  given  rise  to  by 

ntmos^herfcTntl^Lre“nqf|=^ 

is  basically  genera^d  below  produce  influences 

generated  under  10  -hioning.  Ionosphere  delay  is 

with  regard  to  PqO  Moreover,  60%  of  errors  are 

gtnerStid  bllorilo  km.  If  GPS  satellites  are  chosen  on  the 


boundary  of  antellites  the 

^^?ofr"°S  il  polsibie  ll  ni-lly  l^eep  clear  of  ?t.oegeric 

interference.  ^onsiler  |eon,etrioal  set  up  with 

It  IS  y  structure  of  the  satellite  constellation  as  a 

r'CeSis  ?iK.“!rS^?on-eS:  ^S^Sn^^aSeSrr^*' 

rni?SStM«soS^^^^^  ™?ence  are 

"°5"“sl?flfite  Ifgnri^ittenuation  Factor 

signal  Ptopogation  paths  increase  in  length,  s,g^  _ 

is  then  severe.  fa.  possible  to  precisely  specify  an 

ll>3dBW[3].  Based  association  with  GPS  satellites, 

interval  which  ^fl  lites  are  at  heights  H  above  the 

nnf"SSLec?aft  arS  a?  Lights  h  (h<H)  above  the  ground,  and 
tL  earth  is  a  spacecraft  from  GPS  satellites 

is  (H-h)?'  SS  fLLest  distance  is  ■(VH=+2^+Vh^+2hR) 

3.  Relativity  Theory  ®^^®^^y*beSn^madS^if^thI  influences  of 
adequate  consideration  has  dynamic  users  in  the  vicinity 

relativity  theory  on  adjusting  a  frequency 

fevfaSiSraSLcifted  Sfth^f  to 

satellites.  are  seen  as  circular  orbit  satellites, 

When  GPS  ?®tellites  are  se  drift  is: 

based  on  relativity  theory,  the  xreq 


General  relativity 
theory  frequency  drift. 

Special  relativity 
theory  frequency  drift. 


Af2=^(Vu*-VsO  ’f 


Tu  this:  ::  is  the  earth's  gravitational  constant 

C  is  the  speed  of  i^g  position  vector 

”  rl%  sS?Lu?e“lvfmovSlnt  velocity 
,«.r  : spacecraft)  movement  velocity 
Is  ll  otI  siStml  (SV)  position  vector  /3 

f  is  frequency 

GPS  satellite  clock  itequen^  deviation  is  calculate 

riIe<^UiS  IIThf  errtMlurface^  With  regard  to 

^  _  I  ) 


precise  determinations  associated  with  spacecraft,  there  is  a 

need  to  do  new  calculations.  _  . 

4.  Satellite  Window  Stability.  So  called  satellite  windows 
refer  to  a  set  of  precisely  determined  satellites  participating 
in  Dositioning.  Due  to  GPS  satellites  and  user  spacecraft  both 
beina  located  in  high  speed  dynamic  states,  the  range  of  changes 
^rufabirtime  periods  Lsociated  with  each  window  (that  rs,  a 
sSt  off saSflites)  is  very  large.  It  is  primarily  determrned 

-  Changes  in  satellite  visibility  as  a  function  of  user 
Vioirrh-h  Reference  [41  marks  out  time  periods  of  visibility 
associated  with  GPS  satellites  at  different  altitudes  • 

i  When  spacecraft  and  GPS  satellites  are  movin?  in  the  same 
directions  or  opposite  directions,  this  type  of  pe 

''"“f fistfle  sftemtfs,  felfctiin  of  the  opt 
satellites  bo  act  ?®P°®btioning  satellites. ^^^ue^  users  on 

that  spacecraft  heights  and  P  is  then  quite  frequent. 

S^e^vSf  4alf  Sioi  of  satellite  replacement  will  give  rise 

to  OOP  ''ol"®_^i“°“vei°2Jiecting  a  set  of  satellites  to  use  doing 
AS  a  result,  when  selecting  consider  the  optimum 

"Sliefi^f'pisifiof!  “fifalso  nLessary  to  consider  the  time 

periods  of  continuous  usability. 

III.  GEOMETRI CAL  FACTORS 

Here,  we  put  forward  a  tTO®  medium  and“low 

comprehensive  geometrical  factor .  ”^“r^^?“°urface-in 
dynamic  users  in  the  ''^01”!  Y  ,  constellations  associated 

particular,  stationary  users--satellite^con^^  achieving  the 

with  extremely  small  GDOP  or  OP  r  'amiability  and  variety 

best  positioning  results.  Howe  ^  “  cgcraft  being  far, 

f  r"!^-  thtf  ordinal “sels^in  both  spala  domain  and  time 
dLain,^imple  minimal  DOP  is  no  W 
astro^nLiSttL^fmtf  ffns  are  Jncern^^^ 

orders  of  magnitude  ,  f  magnitude  higher.  Time 

finding  accuracies  are  5  or  During  rendezvous  processes 

determinations  are  still  the  accuracy 

between  spaceships  and  spac^tations,^o™  ^j.^^^tion  accuracy 

requirements  are  far,  jjj?  docking — in  the  same  way — there 

requirements.  Moreover,  y,  • ai  direction  accuracies. 

is  a  requirement  ^al  resource  satellites  require  having 

weather  satellites  and  natural  resourc  ^  shuttles,  by 

high  vertical  P°?^5^°“J:?^_eQuirenients  for  positioning  accuracies 
fnf Irf o^is  dl^e^lnf  different  flight  phases. 


In  order  to  satisfy  requirements  in  the  various  areas  above, 
a  linear  combination  of  HDOP  and  VDOP  is  constructed: 


WDOP=an  HDOP+a:VDOP 


(3) 


Tn  i-his  weiahting  parameters  al  and  a2  are  not  negative.  Due  to 

a, +32=1.  a.^o,  at^U  ^4) 

1  -  n  -i-r^  «i  =  1  as  far  as  WDOP  curves  for 
Calculating  from  al  -  0  .  'interval  of  0.1  as  well  as 

changes  as  a  nation  diagrams  are  concerned, 

corresponding  setellrte  constellation  drag  determined 

trirspabie 

“  can  a!so  vary  in  accordance  with 

different  flight  stages.  possible  to  see  that  satellite  ^ 

in  the  diagrams.  It  is  possioie  uo  different  in 

geometrical  ^^““SSiqEting  liri^Sers  selected.  At  the 

accordance  with  clearly  shown  that,  as  far  as 

same  time,  in  the  diagrams,  it  is  difficult  to 

extremely  small, DOP  In  despite  the  fact 

maintain  satellite  1.5,  within  1000  seconds, 

that  WDOP  values  „ass  %  iterations.  As  a  result, 

however,  satellite  =h®“|!®  ?th^extremelY  small  DOP  is  very  - 
u^Llistic!"®!?^!!  necessary  to  add  constraints  with  regard  t 
satellite  changes. 

IV.  LARGE  WINDOW  POSITIONING 

In  order  to  eliminate  P® ses , ^option  is  made 

satellite  changes  dur^g  positioning  pr^  „  of 

for  the  use  of  all  „  oositioning  satellite  windows  and 

4  satellites,  that  In  this,  the  authors 

changing  them  from  small  to  la^G®* 

considered  the  following  *  •,  n  i  tes  Following  along  with 

“““""l.  selection  u5f  "ii^nimber  of  Gpl  satellites 

increases  in  spacecraft  ^ter  than  for  ground  users. 

ars-sosu:  :s.:“.sffi5. ....  n... 

for  the  use  of  ”Jn'^  In  the  majority  of  cases,  there  are  7. 

?rorIer"?o“e5^c“th;'a;ount  of  calculations,  positioning 

equations^are^linearized.^^  square  methods  to 

solve  for  positioning  results. 


4 .  In  order  to  make  different  GPS  satellites  play  different 
roles  during  positioning  processes,  option  is  made  for  the  use  of 
weiahted  least  sguare  methods.  Weighting  parameters  are  capable 
of  considering  GPS  satellite  geometrical  set  ups  and  quality  (for 

sXriflSSirtriithors .  opt  for  the  use 

SItf  SsooflLd'^SSh  Topf  skelLtel  ^>^“"00^" . 

errors . 


<x>  1 

ai=^2.  Ssinei 

(r)1fia2 

a=ei 

0lf(5iS 

ai==sin2e, 

aj=0.746 

ae=0.  303 

1  02—0.570 

04  "0*  564 

OU— 0.  227 

o^s=0.  440 

Os— li'564" 

. 

(j(=:0. 976 

»=0. 244 

ou=0.  098 

a,=0. 194 

ar=0-  933  ' 

027^^0*  383 " 

ctst  “  1*  41o 

av  —0*  602 

oji = 0. 933 

:77.5m 

77. 22m 

1  78.  78m  ~ 

(1)  Case  (2)  Error 
V.  CONCLUDING  REMARKS 

GPS  used  in  i^dSecriSvan?a^^  ^t^als^'''' 

it  a  good  number  of  direct  and  .  solution.  This  article 

bringl  a  series  of  Pfobl^^^^.^^^^/satellitrconstellation 
primarily  analyzes  P^°^. .  atmospheric  interference, 

Llectioi  giving  effects, :  and  .  . 

;S!kS«°:;K!w 

;s"ui'.SEU':siiiK.. » ...itionw.  r»n»« 

is  in  the  midst  of  being  carrie  ou 
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